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(54) Rotation Shaft seal 

(57) A rotating shaft seal provided with a seal ele- 
ment (E), arranged between a housing (31) and a rota- 
tion shaft (32), which contacts the rotation shaft (32)» 
and a seal member (5) made of rubber having a lip end 
portion (13b), disposed on a fluid storing chani}er (33) 
side to the seal element (E), which contacts the rotation 
shaft (32), comprising a supporting metal (12) for sup- 
porting a rear face of the seal member (5) erf rubber. 
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Description 

[0001] This invention relates to a rotation shaft seal, especially, a rotation shaft seal used for seafing Mg^ pressure 
fluid in a conpressor for an air conditioner on an automobile. 
5 [0002] As a oonventfonal rotation shaft seal of this kind, a shaft seal as shown in Figure 41 e known. This rotation 
shaft seal is dsposed t>et¥veen a housing 31 such as a case of a conrpressor and a 
gas in a fluid storing chanft>er 33. 

[0003] In the construction of the shaft seal, a seal ment>er 35 made of mtsber is adhered to an outer case 34. and 
a first seal element 36 and a second seal element 37 made of synthetic resin (such as PTFE) having spiral grooves are 
10 unSied wfth a first inner case 38. a washer 39. a second inner case 40. etc. in the outer case 34 (k>y caulking). 
[0004] The seal nrienrt>er 35 made of rubt>er is provided with a Apportion 42 prot^ 

33 side, the fip portion 42 has a concave portion 44 in a perpheral direction on the fluid storing chamber 33 side and a 
lip end portion 41 gradually diminishes in diameter to the fluid storing chamber 33 side. and. a tip of the lip end portion 

41 contacts tiie rotation shaft 32 as to make a beft contact area to seal. That is to say. when tfie shaft is still, fluid is 
IS conpletely sealed by pressure of ttte fluid storing chamber 33 and elastic force of ttie lip end portion 41 ftself. 

[0005] And, when the rotation shaft 32 rotates. aHhough slight leakage is generated in a sliding portfon of ttie lip 
end portion 41 and the rotation shaft 32. the leakage is pushed back (to the left skJe in Figure 41) tay hydrodynanvc 
effect of ttie spiral grooves (saew ttireads) of ttie first seal element 36 and ttie second seal element 37. The construc- 
tion can seal the fluid as a whole. 

20 [0006] To descra}e concretely, as shown in Figure 42A, in ttie seal member 35 m^e of rubber in a non-attached 
state to the rotation shaft 32 (free state), an interference G is arranged on ttie lq> end portion 41 to form an interference 
portion 46 inner to ttie periphery of the rotation shaft 32, And, as shown in Figure 42B. in ttie seal member 35 attached 
to ttie rotation shaft 32. tightening force generated by elasticity of rubber works on a contact portion 43 (with ttie 
rotation shaft 32) of ttie lip end portion 41 (ttie interference portion 46) to a peripheral face of ttie rotation shaft 32. And. 

25 as shown in Rgure 42C. in ttie seal member 35 pressurized (by pressure P of the fluid) in a pressurizing state of ttie 
fluid storing chamber 33. seK-sealing force F^2 (generated by pressurization) and ttie tightening force F^ ^ (wortdng con- 
tinuously) worii on ttie contact portion 43. Consequentty. total force F ^5 (= F ^ ^ + F ^"^^ °" contact portion 43 
to the peripheral face of the rotation shaft 32. 

[0007] In the conventional seal descrft>ed atxive. in case that the pressure in the f Idd storing cfiamber 33 is high. 
30 the lip end portion 41 contacts ttie rotation shaft 32 witti a large area for great deformation (by high pressure working in 
an arrow P direction in Figure 42C). sealability becomes unstable, and sealabilfty of ttie first seal element 36 is also 
influenced. This causes problems ttiat leakage is generated earfy. and abrasion of ttie contact portion of ttie lip end por- 
tion 41 with the rotation shaft 32 is large. 

[0008] Furttier, root of ttie lip portion 42 has larger pressure receiving area and smaller amount of rubber (in com- 
as parison wfth ottier parts of the lip portion 42) for the concave portion 44. Therefore, fissures on the root of the lip portion 

42 and exfoliation of ttie seal member 35 from ttie outer case 34 are generated because ttie root of ttie lip portion 42 is 
greatiy deformed l>y the high pressure and stress is successively generated from ttie surface of ttie lip portion 42 to ttie 
outer case 34. Furttier. ttiere is a problem ttiat ttie contact portion of ttie Iq3 end portion 41 witti ttie rotation shaft 32 
t^ecomes larger, and lifetime of the seal is shortened. 

40 [0009] Further, in case that cartxm dioxide, teving high permeability against rubber and resin, is used as a cooling 
medium, carbon dioodde penmeates ttie seal member 35 made of rubber, ttie first seal element 36. and the second seal 
element 37 and leaks from the seal. That is to s^. when leakage of ttie cooling medium is large, ttte cooling medium 
becomes short earfy. and inconvenience such as reduction off cooling eflect for shortage of cooling medium is caused 
thereby. 

45 [0010] It is ttierefore an ot)ject of ttie present invention to provide a rotation shaft seal used especially under high 
pressure (around 3 to lOMPa. for use of high pressure cooling media such as CQ2). wfth which leakage of ttie cooling 
medium is restricted, deformation of ttie Iqp end portion is smafl. ttie Ip end portion has good durability for prevention of 
eariy abrasion, and sealability is stable witti the contact area prevented from b^ng enlarged. 
[001 1 ] This object is solved according to ttie present invention by rotation shaft seal including the features of daim 

so 1 . 2. 5. 6. 7. 8, 9, 12, 15, 16. or 1 7. Furttiemnore detailed.embodments are described in ttie dependent claims 3, 4. lOj 
11. 13. 14. 18. 19. 20. 21. and 22. 

[0012] The present invention will be described wfth reference to ttie accompanying drawings in whfoh: 

Figure 1 is a half front view showing a first preferred embedment of the present invention; 
ss Figure 2A is an enlarged cross-sectional view of a principal portion; 
Rgure 2B is an enlarged cross-sectional view of a principal portion; 
Figure 3 is an enlarged cross-sectional view showing a conriparison exarrple; 
Figure 4 is a half front view showing a mocfif ication of the first preferred embodiment; 
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Figure 5 is an enlarged cross-secdonal yiewr of a princqpal portion; 
Figure 6 is a half front view showing a second preferred ennbodiment of the present invention; 
Figure 7A is an enlarged cross-sectional view of a principal portion; 
Figure 7B is an enlarged crossrsectional view of a principal portion; 
5 Figure 8 is a half front view showing a modification of the second preferred ennbodiment; 
Figure 9A is an enlarged cross-sectional view of a principal portion; 
Figure 9B is an enlarged cross-sectional view of a principal portion; 

Figure 10 is a half front view showing another modification of the second preferred embdcfiment; 

Figure 11 is an enlarged cross-sectional view of a prir»:ipal portion; 
10 Figure 1 2A is a cross-sectional view of a prindpal portion shewing a modification of a reinforcing cover metal; 

Figure 1 2B is a aoss-sectional view of a principal portion showing a modification of a reinforcing cover metal ; 

Figure 13 is a half front view showing a third preferred embodiment of the present invention; 

Figure 1 4A is an enlarged cross-sectional view of a prirK^ipal portion; 

Figure 1 4B is an enlarged cross-sectional view of a principal portion; 
IS Figure 1 5 is a half front view showing a mocfif ication of the third prefenred errtediment; 

Figure 16A is a worMng explanatory view of a prindpal portion; 

Figure 16B is a working explanatory view of a principal portion; 

Figure 1 7A is a working explanatory view of a principal portion; 

Figure 1 7B is a working explanatory view of a principal portion; 
20 Figure 1 8 is a half front view showing a nrxxfif cation of the third preferred ernbodiment; 

Figure 19 is an enlarged cross-sectional view of a principal portion; 

Figure 20A is a cross-sectional view of a principal portion showing another nKxfification of the third preferred 
errixxfiment; 

Figure 20B is a cross-sectional view of a principal portion showing another modification of the third preferred 
25 embodiment; 

Figure 20C is a cross-sectional view of a princ9)al portion showing another modification of the third preferred 
eiTtediment; 

Figure 20D is a crossrsectional view of a princqpal portion shewing another modffkation of the third preferred 
embodimoTt; 

30 Figure 21 A is a working explanatory view of a principal portion showing still another modification of the third pre- 
ferred embodiment; 

Figure 21 B is a working explanatory view of a principal portion showing still another modif catiori of tiie Ifiird pre- 
ferred embodiment; 

Figure 22A is a working explanatory view of a principal portion; 
35 Figure 22B is a working explanatory view of a prindpal portion; 

Figure 23A is a cross-sectional view of a principal portion showing a furtiier modrfcation of the third preferred 
entxxiiment; 

Figure 23B is a cross-sectional view of a principal portion showing a further modifk;ation of the third preferred 
embodiment; 

40 Figure 24 ^ a half front view showing a fourth preferred embodiment of tiie present invention; 
Figure 25A is an enlarged cross-sectional view of a principal portkxi; 
Figure 25B is an enlarged cross-sectional view of a principal portion; 

Figure 26 is an enlarged cross-sectional view of a princijpal portion showing a modtfication of the fourth preferred 
embodiment; 

45 Figure 27A is a working explanatory view of a prindpal portion; 
Figure 27B is a working explanatory view of a prindpal portion; 

Figure 28 is a half front view showing another modification of the fourth preferred embodiment; 
Figure 29 is an enlarged cross-sectional view of a principal portion; 

Figure 30 A is a working-explanatory view of a principal portion showing a still anottier modification of the fourth pre- 
50 ferred emtxxfiment; 

Figure 30B is a working-explanatory view of a principal portion showing a still another modification of the fourth pre- 
ferred embodiment; 

Figure 31 is a partial cross-sectional skie view showing a fifth preferred entxxfiment of the present invention; 
Figure 32 is a partial aoss-sectional sxie view showing a pre-attachment state; 
55 Figure 33 is a graph stiowing effect of the seal; 

Figure 34 is a partial cross-sectional skJe view showing a first modification of the fifth preferred embodiment; 
Figure 35 is a partial break skJe view showing a second modification of the fifth preferred errtxxiiment; 
Figure 36 is a partial break skie view showing a third modification of the fifth prefened errtxxiiment; 
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Figure 37 is a partial cross-sectional side view showing a fourth mocfification of the fifth preferred embodiment; 
Figure 38 is a partial ooss-sectional side view showing a fifth modffication of the fifth preferred embodiment; 
Rgure 39 is a partial cross-sectional side view showing a sixth modification of the fifth preferred embodiment: 
Figure 40 is a partial cross-sectional side view showing a seventh mocfif'catlon of the fifth preferred embodiment; 
5 Figure 41 is a half front view of a conventional example; 

Figure 42A is a working explanatory view of a principal portion of the conventional example; 
Figure 42B is a working explanatory view of a principal portion of the conventional example; and 
F^ure 42C is a working explanatory view of a principal portion of the conventional example. 

10 [0013] Preferred embodinienls of the present inventfonwDI new be described wit^ 

drawings. 

[001 4] Rgure 1 through Figure 5 show a first preferred embodiment of a rotatkm shaft seal relating to the present 
invention, which is used for a compressor of air conditioner for automobiles in which a high pressure cooling medium 
(such as CO2) works on a fluid storing chamber 33 side. 

IS [0015] That is to say this rotation shaft seal is disposed between a housing 31 such as a case of the compressor 
and a rotation shaft 32 (on Hs perpheral face) to seal fluid such as high pressure cooling medium. 
[0016] To explain the construction concretely, as shown in Figure 1 , the shaft seal is composed of an outer case 1 
made of metal having inner brim portions 2 and 3. a seal member 5 made of njbber fixed to and unified with a peripheral 
face of a cylinder portion 4 of the outer case 1 and both sides of the inner brim portion 2 by adhesion, wekiing. baking, 

20 etc., a seal element E, a first inner case 9, a washer 10, a second inner case 11. and a supporting metal 12. And, in 
Figure 1 . the seal elemem E is conrposed of a first seal elemem 7 and a second seal elemem 8 ^ 
[0017] The seal member 5 made of rubber is composed of a cyfindrfoal cover portion 5a of which 
formed to be undulate (in a free state) to elastically contact an inner peripheral face of the housing 31 for seal working, 
an inner brim cover portion 5b of which cross section is U-shaped covering both sides of the inner brim portion 2, and 

25 a lip portion 1 3 protruding from an inner side of the inner brim cover portion 5b of whk;h cross section is U-shaped to 
the fluid storing chamber 33 sida 

[0018] The Tip portion 13 is composed of a short cylinder portion 13a. and a fip end portion 13b which diminishes 
in diameter gradually to the fluid storing chamber side. And. the lip portion 1 3 of approximately urStoan thickness has a 
configuration bent in cross section (as shown in Figure 1). A tip end portion 14 of the lip end portion 13b. lineariy con- 
30 tacts the peripheral face of tiie rotation shaft 32 to seal In an attached (used) state. 

[001 9] The supporting m^ 1 2 is disposed between the first seal element 7 and the seal member 5 made of rubber 
as to adhere to a skle portion opposfte to the fluid storing chamber 33 or an inner portion of the inner brim cover portion 
5b of tiie seal member 5, the short cylinder portion 13a. and a the l^) end portion 13bL 

[0020] As shown in Rgure 1 and Rgure 2. tiie lip end portion 13b has an inclination angle ol10*'to45**toan axis 
35 L of the rotation shaft 32. and tiie supporting metal 1 2. as to con^espond to the lip end portion 13b, has a slope receiving 
face A on its end as to have an inclination angle 6 of 1 0"" to 45 to ttie axis L 

[0021] Concr^ely. the supporting metal 12. of whtoh cross section is approximately L-shaped. is composed of a flat 
board portion 15 at right angles witti tiie axisU and a cylinder portion 16 of short cylinder of whk:h center is the axis L 
An end portion 16a (on tiie fluid storing charTd>er 33 side) of the cylinder portion 16 is bent wfth the above inclination 
40 angle e at a bent portion 1 7 as to diminish in diameter gradually to the end. and a per^eral face of the end portion 1 6a 
forms the former-mentioned sfope receiving face A. 

[0022] The bent portion 17 corresponds and tightty fits to tiie short cylinder portion 13a of tiie seal member 5 and 
a bent inner comer of tiie Ifp end portion 13b. And. as shown in Figure 2B, it is preferable to form an R-shaped chamfer 
20 on an end comer portion of tiie slope receiving face A of the supporting metal 12. That is to say. an end comer por- 
45 tion of tiie supporting metal 12 is effectively prevented from biting into the lq> end portion 13b of the lip portion 13 to 
cause fissures in the Iqp end portion 1 3bL 

[0023] And. as shown in Rgure 1 . tiie outer case 1 is unified with the seal member 5 of mbber by adhesion, etc. 
beforehand. The supporting metal 12. tiie first seal element 7. the first inner case 9. the washer 10. the second seal 
element 8. and the second inner case 1 1 are serially fitted to the outer case 1 in a straight state (a cylindrical state) in 
50 which tiie inner brim portion 3 is not formed. Then, tiie inner brim portion 3 is formed by caulking and tiie all parts are 
unified. 

[0024] The supporting metal 12, tiie first inner case 9. the second inner case 1 1 . tiie washer 1 0. and tiie outer case 
1 are made of metal such as steel. The first seal element 7 and the second seal element 8 are made of f luororesin such 
as PTFE. Further, the seal memt>er 5 is. considering coding mecfium resistance, made of HNBR of which JIS hardness 
55 is preferably set to be 87 to 96 (by composition of HNBR) to prevent deformation when the seal receives pressure The 
seal member is greatiy deformed when the JIS hardness is tower titan 87. and slightiy poor in elasticity when tiie JIS 
hardness is higher than 96. 

[D02$] Afthough sealing functfon is simlar to tiiat of the former-described conventional example, tiie lip end portfon 
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13b is received (supported) by the slope receiving face A of the siworting metal 12 from a reverse side (inner side) 
and prevented from being deformed when pressure P works on the Bp end portion 13b on the fluid storing channber 33 
side (as shewn In Rgure 2). and good sealability of the lip end portion 13b is kept under high pressura 
[0026] Figure 3 shows a comparison example proposed in conventional oil seals, in which a backup ring 45 is 
5 applied to holdng of a Gp portion 1 3 of a seal member 5 of mbber. disclosed Japanese UtiGty Model Publication tsk>. 
2-4731 1 . That is to say, aHhough the backup ring 45 can backup (hol(0 a short cyGnder porfo 
is not useful for prevention of deformation when the Ip end portion receives pressure t)ecause an end 45a of the backup 
ring 45 is bent for 90' and extremely short. 

[0027] In short, in the present invention, the slope receiving face A of which inclination angle eof10'^e^45'to 
10 the axis L is formed on the supporting metal 12 to approximately correspond to the indinatfon angle of the lip end por- 
tion 13b for hokfing (supporting) the lip end portion 13b certainly from the reverse (badO skle. and deformation in pres- 
sure reception (refer to mariss P) is prevented. The shaft seal denrnnstrates excellent sealability by keeping the 
indinatfon angle of the lip end portfon 13b to t>e 10*" to 45 °. 

[0028] Next. Rgure 4 and Rgure 5 show a modif ication of the f ir^ preferred embocfiment of the present invention. 

IS As deariy shown in comparison with Rgure 1 and Rgure 2. the modification is different in following construction. 
[0029] That is to say, the f irst seal element 7 in Rgure 1 is omitted, the seal element E is conrposed exdusively of 
the second seal element 8. and the supporting metal 12 has a th»kness dimensfon T enough to compensate the lack 
of the first seal element 7. And. the slope receiving face A is an end face of the supporting metal 12 (from which the 
bent portfon 17 in Rgure 1 is omitted) made as to tightly fit to and support the reverse face (back face) side of the Ip 

20 portion 13 of the seal member 5. 

[0030] The indination angle 0 of the stope receiving face A with the axis Lof the rotatfon shaft is set within the range 
of the abov&described first preferred embodimenL Explanation of other parts indicated with same marics as in the first 
prefen'ed embodiment is omitted, since they are similarty constructed as in the first preferred embodiment. 
[0031 ] Next, exarrples will be descrit>ed. 

25 [0032] A shaft seal having the construction shown in Rgure 1 and Rgure 2B (example 1) and a shaft seal having 
the constructfon shown In Rgure 1 and Figure 2A (exanple 2) were made and tested for sealabOity under the following 
test condlion. 

Test concfition : 

30 

[0033] 

(1) Sealed Ruid : (refrigerating machine oih- CX)^ 

(2) Sealing Pressure : 2.45MPa (25kgt/ cm^) 
3S (3) Rotation Speed : 3.74m/^ 

(4) Temperature : 60**C 

[0034] The resirit of the abcve test is shown fo fdfowing TabI e 1 . 

40 

TABLE 1 



RESULT OF THE TEST 




Time of the Ljeakage (h) 


Operatfon Time (h) 


Total Amount of Leakage 
(9) 


EXAMPLE 1 




500 


0 


EXAMPLE 2 


415 


438 


1.36 


CONVENTIONAL EXAMPLE 


70.5 


120 


1.23 



[0035] The above Table 1 shows that the supporting metal 12 prevents defomnatfon of the Ip end portion 13b. 
increase of contact area of the seal with the rotation shaft 32. and. heat and abrasion. And, Table 1 also shows that time . 
until the leakage (lifo tinie of the seal) is further extended by the R-shaped chamfer 20 as m Rgure 2B. 
55 [0036] Next, a second preferred embodiment of the present invention is shown in Rgure 6 througji Rgure 1 2. As 
dearly shown in comparison with the first preferred emtxxiiment shown in Rgure 1 through Figure 5. the second pre- 
ferred embodiment is different in following construction. Explanation of parts indicated with same marks as in the first 
preferred embodiment is omitted, since they are similariy constructed as in the first preferred embodiment. 
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[0037] That is to say. as shown in Figure 6. a reinforcing cover metal 21 is formed unitedly with the inner brim por- 
tion 2 of the outer easel. To describe concretety. the stpporting metal 1 2 is (fisposed between the first seal element? 
and the seal member 5 of rubb^. A part from the inner per'pheral face of the lip end portion 13b to a back face of the 
inner brim cover portion (standing portion) 5b (stancfing in a direction at right angles with the rotation shaft 32) through 
5 the short cylinder portion 13a. is held by the supporting metal 12 of ring, a part from the perpheral face of the lip end 
portion 13b to the peripheral face of the short cylinder portion 13a is covered with the reinforcing cover metal 21. and 
the Hp end portiofi 13b Qeaving the tip end portion 1 4) is sandwiched between 
ing cover metal 21. 

[0038] As shown in Rgure 6 and Figure 7, the Gp end portion 1 3b has an inclination angle of 1 0*" to 45 to the axis 
10 L of the rotation shaft 32. and. corresponding to the incGnation angle, the supporting metal 12 has the slope receiving 
face A has an inclination angle eof10"to45''tothe axis L 

[0039] The reinfbrdng cover metal 21 covering the outer face of the lip end portion 13b^ as described above, is 
formed unitedly with the inner brim portion 2 of the outer case made of metal. That '6 to say. as in Rgure 7A and Figure 
7B. the reinforcing cover metal 21 is unitedly attached to the outer face of the lip end portion 1 3b with adhesion or bak- 
15 ing leaving the tqp end portion 14. 

[0040] High pressure P is prevented from woridng drectly on the whole lip end portion 13b by the reinforcing cover 
metal 21. And. high sealability is secured by cooperatkm of the reinforcing cover metal 21 with the supporting metal 12 
to reduce the deformation of the Gp end portion 13b when the pressure in the f fudd storing chamber 33 is relatively high 
(3 to 10MPa. for example). 

20 [0041 ] In further concrete description, the reinforcing cover metal 21 does not cover the whole of the lip end portion 
1 3b. an end of the reinforcing cover metal 21 is extended to a position leaving the tip end portion 1 4 of the lip end portion 
13b which linearly contacts the rotation shaft 32. In other words, an exposed portion 13c not covered by the reinfordr^ 
cover metal 21 is on the peripheral face of the \p end portion 13b doser to the tip end side than the position, the high 
pressure P worics drectly only on the exposed portion 13c, and appropriate linear contact state is formed (by coopera- 

25 tk>nwi1hthesijpporting metal 12)betweenthetipendportionoftheDpendp 
to secure the high sealatxlity. 

[0042] The inner peripheral face of a root portion (near a bent portion 17) of the lip end portk>n 13b having the 
exposed portion 13c on the outer face is supported t>y the slope receiving face A of the supporting metal 12 as 
described atxTve. the root portion of the fip end portbn 13b sandwiched t>etween the supporting metal 12 andtherein- 
30 forcing cover metal 21 is suffidentty reinforced on Ixrth of inner and outer sides thereby. Therefore, the whole lip end 
portion 1 3b is not greatly deformed when the high pressure P works, area contact state of excessive pressure between 
the lip end portion 13b and the rotation shaft 32 is prevented, and eariy abrasion of the lip portion 13 is prevented 
thereby. 

[0043] The supporting metal 12. the first inner case 9. the second inner case 1 1. the washer 10. the reinfordng 
35 cover rnetal 21. and the outer easel are nfiade of rnelal such as steel, ard. the first seal eleme^ 

element 8 are made of f luororesin such as PTf^, further, the seal merTt>er 5 is. considering cooling medium rest^ance. 
made of HNBR of which JIS hardness is preferably set to be 87 to 96 (by oompositkxi of HNBR) to prevent deformatkxi 
when the seal receives pressure The seal member is greatly deformed when the JIS hardness is tower than 87, and 
slightly poor in elasticity when the JIS hardness is higher than 96. 
40 [0044] To make this kind of pressure-resisting rotation shaft seal, as shown in Figure 6. the supporting metal 12, 
the first seal element 7. the first inner case 9. the washer 1 0. the second seal element 8. and the second inner case 1 1 
are serially fitted to the outer case 1 unified with the seal men(t>er 5 of mbber by adheston. etc. beforehand in a straight 
state (a cylindrical state) in which (the reinforcing cover metal 21 and) the inner brim portion 3 of the outer case 1 are 
not formed. And then, the inner brim portion 3 is bent and formed by caidking and the all parts are unified. 
45 [0045] Especially, the unification with the seal member 5 of rubber is made stronger by forming an opening hole 1 9 
on the inner brim portion 2 of the outer case 1 t>efbrehand. Further, when preliminary formed rubber is formed with the 
inner brim portton 2. inside of the inner brim cover portion 5b (standing portion) is easily filled with the preliminary 
formed rut)ber ttvough the opening hole 19. 

[0046] Next. Rgure 8 and Rgure 9A show a modif ication of the second pref enred embodiment of the present inven- 
50 tion. In this case, the reinfbrdng cover metal 21 . covering a part from the peripheral face of the lip end portton 13b to 
the standing portion (the inner brim cover portion) 5b through the peripheral face of the short cylinder portion 13a. \s 
formed separately from the outer case 1, and a part of the seal member 5 is disposed between the reinfordng cover 
metal 21 and the inner brim portion 2 of the outer case 1 . And. in this case, the reinfordng cover metal 21 . in whk:h an 
end portion 21 a covering the peripheral face of the lf> end portton 1 3b and the short cylinder portion 13a, and a base 
55 portion 21b covering the standing portion 5b are uniformly formed, has an approximately L-stBped or J-shaped aoss 
section. 

[0047] In this case too, the exposed portion 13c not covered with the reinforcing cover metal 21 is fomned on the 
peripheral face of the end of the lip end portion 13b. and the tip end portton 1 4 of the lip portion corresponding to the 
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exposed portion 1 3c becomes linear contact state of appropriate pressure with the rotation shaft 32 as the second pre- 
ferred embodiment And, as shown in Figure 9B. the FVshaped chamfer 20 is preferably formed on an end comer por- 
tion of the slope receiving face A of the si^sporting metal 12 to effectively prevent the end corner portion of the 
supporting metal 12 from biting into the \\p end portion 13b to cause fissures in the lip end portion 13b as the first pre* 
5 f erred emlxxfimerrt. 

[0048] Further. Figure 10 and Rgure 11 show another modification of the second preferred embodiment of the 
present invention. In this case, the first seal element 7 Is omitted, the seal element E is composed exclusively of the 
secoixl seal dement 8, and the supporting metal 12 has a thickness dimension T enough to compensate the lack of 
the first seal element 7. And. the slope receiving face A is an end face of the supporting metal 12 (from which the bent 
10 portion 1 7. etc. in Rgure 6 are omitted) made as to tightly fit to and support the reverse face (back face) side of the Ijp 
portion 13 of the seal member 5. 

[0049] In this case. simOar working effect to the embodiment shewn in Rgure 6 and Rgure 7 is obtained. The incfi- 
nation ar^le 6 of the slope receiving face A with the axis L of the rotation shaft is set within the range of the embocOment 
shown in Figure 6 and Rgure 7. Explanation of same parts indicated with same marks s omitted. And. although not 
15 shown in Figures, the emtxxJiment shown in Rgure 10 and Rgure 1 1 may be combined with the embodiment shown in 
Rgure 8 and Figure 9. 

[0050] And. Rgure 12A and Rgure 12B show modifications of the reinforcing cover metal 21. In a mod'ificalion 
shown in Rgure 12A. the end portion 21a of the reinforcing cover metal 21 is extended to the tip end portion 14 of the 
lip portion 1 3. And. in a modification shown in Rgure 12B. a tip of the end portion 21a of the reinlbrdng cover metal 21 
20 is bent to the lip portion 1 3 side (forming a bent portion 21c). and the bent portion 21c hitches onto the tip end face 14a 
of the tp end portion 14 of the lip portion 13. By tiiese compositions, exfoliation of the reinforcing cover metal 21 from 
the \ip portion 13 is prevented. ArvJ. the modifications in Rgure 12A and Figure 12B may be combined with the former- 
desabed preferred embodiments. 

[0051 ] And. the construction members such as the outer case, the seal element the supporting metal, the reinforc- 
25 ing cover metal, etc. are not restricted to the embedments described atx)ve. Each of the atxTve construction members 
may be modified in design or improved conresponding to service condition, etc., and the present invention can be 
applied to any configurations and combinations of the construction members as tong as the inner peripheral face of the 
1^ end portion of the sealing memt>er of rubber ts held by the supporting metal, the peripheral face of the lip end portion 
is covered with the reinforcing cover metal, and the lip erxt portion is reinforced by the supporting metal and the rein- 
so fordng cover metal wtiich sandwich the lip erxi portion. 

[0052] Next. Figure 13 through Rgure 23 show a third prefenred embodiment of the rotation shaft seal relating to 
the present invention. As clearly shown in comparison with ttie above-described first and second preferred embodi- 
ments, the embodiment is different in following construction. Explanation of the members of the same marks is omitted 
t>ecause the members are similarly constructed as in the former embodiments. 
3S [0053] As shown in Rgure 13, a gap portion S is formed between the seal memt>er 5 of ni}ber and the supporting 
metal 12 disposed as to sif)port the back face of the seal member 5 of ni^ber. To describe conaetely. the supporting 
m^ 1 2 is disposed between the first seal element 7 and the seal member 5 as to partially fit to and hoM the lip portion 
1 3 with the gap portton S on an opposite part to the fiuid storing portion of the inner brim cover portion 5b of the seal 
member 5. tiie short cylinder portion 13a. and the fip end portion 13bi 
40 [0054] As shown in Rgure 13 and Figure 14, the lip end portion 13b has an inclination angle of 10*" to 45 " to tiie 
axis L of the rotation shaft 32, and, corresponding to the inclination angle, the supporting metal 12 has tiie slope receiv- 
ing face A has an inclination arigle eof10**to45*tothe axis L 

\jOOBSl Concretely, tiie supportirig metal 12. of whk:h cross section is approximately L-shaped, is 
board portion 15 at right angles witti the axis L, arxi a cylinder portion 16 of short cylinder of wfrik:h center is the axis L 
45 An end portion 16a (on the flukJ storing ctiamt>er 33 side) of the cylinder portion 16 is bent witti tiie atx3ve inclination 
angle 8 at a t>ent portion 1 7 as to diminish in diameter gr^tually to tiie end, and a peripheral face of the end portion 16a 
forms the former-mentioned sk)pe receiving face A. 

[0056] The t>ent portion 1 7 tightiy fits to an end side to the short cylinder portion 1 3a and a bent inner comer of the 
Ip end portion 13b. That Is to say, the cylinder portion 16 of tiie supporting portion 12, forming the gap portion S, does 

50 not fit to (hold) the short cylinder portion 13a of the lip portion 13 and a part of the lip end portion 13b, while the end 
portion 16a (the slope receiving face A) of the supporting metal 12 fits to (holds) the lip end portion 13b. 
[POST] And, as shown in Rgure 14B, it is preferable to form an R-shaped chamfer 20 on an end comer portion of 
the slope receiving lace A of ttie supporting portion 12. That is to say, in pressurizing (operation) state of tiie fluid storing 
chamber 33 (refer to Rgure 13). an end comer portion of the SLf)porting metal 12 is effectively prevented from biting 

55 into tiie lip end portion 13b of the lip portion 13 to cause fissures in the Bp end portion 13b wtien high pressure of tiie 
fluid works. 

[P058] And, as shown in Figure 1 3, the outer case 1 is untied witii the seal member 5 of rubber by adhesion, eic. 
beforehand. TTie supporting metal 12, tiie first seal element 7, the first inner case 9. the washer 10. tiie second seal 
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element 8, and the second inner case 1 1 are serially fitted to the outer case 1 in a straight state (a cyOndrical state) in 
which the Inner brim portion 3 Is not fonned. Then, the inner t>rim portion 3 is tbrined by caulking and the all parts are 

unified. 

[0059] The supporting metal 1 2. the f irst inner case 9. the second inner case 11 , the washer 1 0. and the oUt& case 
5 1 are rnade of nrietal such as steel. The first seal elenriem 7 and the second seal elen^ 

as PTFE. Further, the seal meml>er 5 is. considering cooling medium resistance, made of HNBR of which JIS hardness 
is preferably set to be 87 to 96 (by conposHion of HNBR) to prevent deformation when the seal receives pressura The 
seal member is greatly deformed when the JIS hardness is lower than 87, and slightly poor in elasticity when the JIS 
hardness is higher than 96. 

10 [0060] And. the seal meni)er 5 of rubber, corresponding to pressure increase of the fluid storing chamber 33, elas- 
ticaDy defomns mainly in a diminishing direction of the short cylinder portion 1 3a as to get into the gap portion S. In the 
third embodiment of the present invention, the Gp end portion 1 3b is drawn In a parting direction from the rotation shaft 
32 t>y utilizing the elastic deformation. 

[0061] To describe concretely, firstly, as shown in Rgure 1 6A. in the seat member 5 of rut)ber in non^attached state 
IS (free state) to the rotation shaft 32, the gap portion S is disposed between the seal member 5 of rubber (the lip portion 
13) and the supporting metal 12. and the back face of the lip end portion 13b is heU by the slope receiving face A of 
the sipporting metal 12. 

[0062] And. as shown in Figure 1 6B. the short cylinder portion 1 3a of the lip portion 1 3 elastically deforms as to get 
into the gap portion S when pressure P (of high-pressure fluid, etc. ) works on the seal member 5 of rubber (the [\p por- 

20 tion 1 3). That is to say, kxx>motion force for elastic deformation in the axis L direction of the rotation shaft 32 (refer 
to Figure 13) and pressing force Fy for elastic deformation in vertical direction to the axis L work on the lip portion 13. 
[0063] In tNs case, the \\p end portion 13b of the \\p portion 13 is drawn In the parting directfon from the rotatk)n 
shaft 32 along the slope receiving face A by the locomotion force Fx . That is to say. tensile force F^ works on an end 
comer portion 27 of the Gp end portion 1 3b in the parting direction from the rotation shaft 32. 

25 [0064] And, when the seal member 5 of rubber is attached to the rotation shaft 32 and the fluid storing chamber 33 
is not pressurized, as shown In Figure 1 7A, the lip portion 1 3 parts from the slope receiving face A, the gap portion S 
is enlarged, and the elasticallyiXJShed seal member 5 of rubber (the Kp portion 13) linearly contact (the per^eral face 
oQ the rotation shaft 32. That is to say. tightening force F3 generated t>y elasticity of rubber works on a contact portion 
22 (an end comer portion 27) of the lip end portion 13b (with the rotation shaft 32) toward the rotation shaft 32. 

30 [0065] And, as shown in Rgure 17B. in pressurized (operation) state of the fluid storing chamber 33, self-sealing 
force F4 (generated by the pressurization), (the above-mentioned) tightening force F3. and (tiie above-mentioned) ten- 
sSe force F^ work on the contact portion 22 (the end comer portion 27) of the Pq) end portion 13b tcward the rotation 
shaft 32. That is to say. total force F^ (= F3 + F^ - F^) worte on the contact portion 22 (the end corner portion 27) of 
the lip end portion 13b toward ttie rotation shaft 32. 

35 [0066] Therefore, in comparison with the case (in which the gap portion S does not exist in the non^attached state 
to ttie rotation shaft 32) shown in the conventional example (Figure 41), force working on the rotation shaft 32 
decreases (for the tensile force Fi), contact pressure of the contact portion 22 of the lip end portion 13b is reduced, and 
abrasion \s reduced thereby. 

[0067] Further, an Rportion iSisformedontherootof the lip portion 13 on the lk)ud storing chaniber 33 s^ 
40 lessen tiie elastic deformation of the root of the lip portion 1 3 by increasing pressure in the Gquki storing cfiamber 33. 
That is to say, in comparison with the conventional example (Figure 42). the lip portion has an R-shaped configuration 
Instead of the concave portion (44). smaller pressure-receiving area on the fluid storing chamber 33 skJe, and amount 
of mbber of the root of the lip portion 13 is Inaeased. 

[0068] Therefore, in operation state in which the pressire in the fluid storing chan^ 33 is increased, stress (of the 
45 pressure) is cGspersed, and the elastic deformation of the root of the lip portion 1 3 is reduced. Fissures on the root of 
the lip portion 13 and exfoliation of the seal member 5 of rut)ber (tfie inner brim cover portion 5b) from the outer case 1 
(the inner brim portion 2) are hardly generated, and contact pressure off (the contact porti^ lip end portion 

1 3b is decreased further to reduce abrasion. 

[0069] And. when the pressure P worits on the lip end portion 13b, the lip end portion 13b is received (supported) 
50 t>y the slope receiving face A of the supporting metal 1 2 from the reverse side (an inner skle) to prevent deformation, 
and sealability of the lip end portion 1 3b under high pressure can be kept good thereby. 

[0070] As described above, in Figure 14, the sfope receiving face A of which inclination angle e of 1 0"* ^ e ^ 45'' to 
the axis L is formed on the supporting metal 1 2 to approximately correspond to the inclination angle of the lip eiKl por- 
tion 13b for holcBng (supporting) the lip end portion 13b certainly from the reverse (back) side, and deformation in pres- 
55 sure reception (refer to marks P) is prevented. The shaft seal demonstrates excellent sealat>il'ity by keeping the 
ihcGnation angle of the lip end portion 1 3b to be 1 0** to 45^ 

[0071] As the modiffoation of the third preferred embodiment shown in Figure 15. the backup ring 45 disclosed by 
Japanese Utility Model Publication Ma 2-4731 1 proposed in conventional oil seals may be applied to hokling of the lip 
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portion 13of thesealment>er5of rutiber. Thattstosay,theend45aof 
90"* , and having an extremely short cfmensioa 

[0072] Next. Rgure 18 and Figure 19 show another modification of the third prefeired embodiment of the present 
invmtion. As dearty shown in comparison with Rgure 13 and Rgure 14. the modification is different in following corv 
5 struction. 

[0073] That is to say. the first seal element 7 in Rgure 1 3 is omitted, the seal element E is composed exclusively of 
the second seal element 8. and the supporting metal 1 2 has a thickness dimension T enough to compensate the lack 
of the first seal element 7. And. the slope rec^'ng face A is an end face of the supporting nr^ 12 (from which the 
bent portion 1 7 in Rgure 1 3 is omitted) made as to tightly fit to and S4jf)port the reverse face (t)ack face) side of the Ip 
10 portion 13 of the seal member 5. 

[0074] The indinationarigle Oof the sk)pe receiving face A with the axis L of the rolatk^ 

of the above<iescribed first preferred enrtxxlimenL Explanation of other parts indicated with sanrieniarks as in the third 
pr^erred embodiment is omitted, since they are similarty constructed as in the tfiird preferred eirtxxJiment 
[0075] Next. Rgure 20 shows other modificatior^ of the third prefen-ed efrtodiment of the present invention. As 
IS clearly shown in comparison with Rgure 13, the modification shown in Rgure 20 A is different in following construction. 
[0076] That is to say. the end face 2a of the inner brim portion 2 of the outer case 1 is positioned on a peripheral 
side (an outer side in dianteter of the rotation shaft 32) to the peripheral fara 

lip portion 13. and the seal member 5 of rubber (the Wp portion 13 and the inner brim cover portion 5b) is formed as to 
easily deforms in the axis L direction of the rotation shaft 32 (refer to Rgure 13) thereby. Therefore, the seal member 5 

20 of rdober elastically deforms in the axis L direction of the rotation shaft 32 along the pressure inaease of the fluid stor- 
ing chant>er 33. and the lip end portion 13b is drawn in the parting direction from the rotation shaft 32. 
[0077] And. the modification shown in Rgure 20B. as dearty shown in comparison with Figure 13. is dfferent in fol- 
lowing construction. That is to say, in unpressurized state of the fluid storing chamber 33. the gap portion S is disposed 
between the inner brim cover portion 5b of the seal member 5 of rubber and the flat tx>ard portion 1 5 of the supporting 

2S metal 1 2. arxJ the seal member 5 of rubber (the 1^ portion 13 and the inner brim cover portion 5b) is formed as to easily 
delbrms in the axis L direction of the rotation shaft 32 (refer to Rgure 1 3) thereby. Therefore, the gap portion S is dis- 
posed between the seal member 5 of rubber and the supporting rnetal 12 for hokJing the b^ 
5 of rubber, and the seal member 5 of rubber elastically deforms accompanied with the pressure inaease of the fluid 
storing chamber 33 to get into the gap portion S. and the lip end portk>n 13b is drawn in the parting direction from the 

30 rotation shaft 32. And. plural protruding portions 24 may be (fisposed t>etween the inner brim cover portion 5b and the 
flat board porHon 15 to form the gap portion between the inner brim cover portion 5b and the flat tx)ard portion 15. 
[0078] Further, the modif icatkm shown in Rgure 20C. as dearly shown in comparison with Figure 1 3. is different in 
following construction. That is to s^. in unpressurized state of the fluid storing dharrbef 33. a connecting portk>n 26 of 
the flat board portion 1 5 (of the supporting metal 1 2) and the cylinder portk)n 1 6 fadng a connecting portion 25 of the 

35 inner brim cover portion 5b (of the seal meni>er 5) and the lip portion 1 3 (the short cylinder portion 1 3a) is bent opposite 
to the fluid storing chamber 33 side to make the gap portk>n S between the connecting portion 25 (of the seal member 
5) and the oonnectingportk>n26(of thesiwortingnrietal 12). andtheseat men^ is 
formed as to easily defbrrrs in the axis L direction of the rotation shaft 32 (refer to Figure 13) thereto. Therefore^ the 
gap portion S is disposed between the seai memt>er 5 of rubber and the supporting metal 1 2 for holdng the back face 

40 of the seal memt>er 5 of rubber, and the seal member 5 of rubber elastically deforms accompanied with the pressure 
increase of the ftukJ storing chamber 33 to get into the gap ponk)n S to give force to the rip end portion 1 3b in the parting 
directton from the rotation shaft 32. 

[0079] And. the modifk^tion shown in Figure 20D. as deariy shown in corrparison with Rgure 13, is different in fol- 
lowing constaruction. That is to say. in unpressurized state of the flukj storing chamber 33. the short cylinder portion 13a 

45 (the connecting portion 25 of the inner brim cover portion 5b and the lip portion 13) is parted from the cylinder portion 
16 as the short cylinder portion 13a of tiie seal member 5 of rubber and tiie cylinder portion 16 of the supporting metal 
12 do not contact each other, and the seal member 5 of mbber (the lip portion 13) is formed as to easily defomre in the 
axis L direction of the rotation shaft 32 (refer to Rgure 13) ttiereby. Thereftxe. the gap portion S is disposed between 
the seal member 5 of rubber and the supporting metal 1 2 for hokfing tiie back face of the seal menri)er 5 of rubber, and 

so the seal member 5 of rubber elastically deforms accompanied with the pressure increase of the fluid storing chamber 
33 to get Into the gap portion S as force, which draws the lip end portion 13b in the parting direction from the rotation 
shaft 32, works. 

[0080] And. in an unpressurized state of the fluid storing chamber 33 (as shown in Rgure 20A through Figure 20C). 
if the short cylinder portion 13a of the seal member 5 contacts the cylinder portion 16 of the supporting m^ 12. tiie 
55 cylinder portion 1 6 or a contact portion (the connecting portion 25 of the inner t>rim cover portion 5b and the lip portion 
1 3) may t>e treated with low friction resin coating to reduce the frictional force, and the sea) member 5 of rubber (the lip 
portion 13 and the iriner brim cover portkm 5b) is formed as to easily deforms in tfte axis Ldrection of the ro^ 
32 (refer to Figure 13) thereby. 
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[0081 1 And, these Cmdividuaf) constructions shown in Figure 20A through Figure 20D may be combined in various 
methods, and the seal member 5 of rubber Cthe lip portion 13 and the inner brim cover portion 5b} may be formed as to 
easily defomi, accompanied with the pressure increase of the fluid storing chamber 33, in the axis L direction of tlie 
rotation shaft 32 (refer to Figure 1 3) thereby. 
5 [0082] Next. Figure 21 and Rgure 22 show still another mocfifKation of the fttird preferred embodiment of the 
present inventioa As dearty shown in comparison with Figure 1 6 and Figure 1 7. the modification is different in foflowing 
construction. 

[0083] lhat is to say, the gap portion S in Rgure 16A between the lip portion 13 and the supporting metal 12 (the 
cylinder portion 1 6) does not exist, and anottier gap portion S Is formed between the supporting metal 1 2 and the con- 
10 necting portbn 25 of the inner brim cover portion 5b (of the seal member 5) and t^^ 
portion 13a). 

[0084] To describe concretely, as shown in Figure 21 A, in the seal member 5 of rii3ber in non^attached state (free 
state) to the rotation shaft 32, the gap portion S is disposed between, the connecting portion 25 of the inner brim cover 
portion 5b and the lip portion 13, and, the connecting portion 26 of the flat board portion 1 5 and the cylinder portion 16 

* IS (of the supporting metal 12), and the short cylinder portion 13a and the lip end portion 1 3b of the lip portion 13 are sup- 
ported by the cylinder portion 16 and the slope receiving face A of the supporting metal 12 fit to the lip portion 13. 
[0085] And, as shown in Figure 21 B, the lip portion 13 elastically defomns as to get into the gap portion S (as the 
connecting portion 25 contacts tfie connecting portion 26) when pressure P (of high-pressure fluid, etc.) works on the 
seal member 5 of rubber (tiie lip portion 13). Ttiat is to say. loconfX)tion force F x for elastic deformation in ttie axis L 

20 direction of the rotation shaft 32 (refer to Rgure 1 3) and pressing force F y for elastic deformation in vertical direction to 
the axis L work on the lip portion 13. 

[0086] fri this case, the lip end portion 13b of ttie Tip portion 13 is drawn in the parting direction from ttie rotation 
shaft 32 atong the slope receiving face A by ttie locomotion force Fx . That is to say. tensile force Fi woriG on an end 
comer portion 27 of the lip end portion 13b in ttie parting direction from ttie rotation shaft 32. 

25 [0087] And. when ttie seal mernber 5 of rubber is attached to ttie rotation shaft 32 and ttie fluid stori 

is not pressurized, as shown in Figure 22A, the lip portion 13 parts from ttie sfope receiving lace A. ttie gap portion S 
is enlarged, and ttie elastically-pushed seal m&vb& 5 of rubber (the lq> portion 13) I'mearty contadt (ttie perq^heral face 
of) ttie rotation shaft 32. That is to say. tightening force F3 generated by elasticity of rubk>er woris on a contact portion 
22 (an end comer portion 27) of the lip end portion 13b (with the rotation shaft 32) toward the rotation shaft 32. 

30 [0088] And. as shown in Rgure 22B, in pressurized (operation) state of ttie fluid storing chamber 33, self-sealing 
force F4 (generated by the pressur'ization), (ttie above-mentioned) tightening force F3. and (ttie above-mentioned) ten- 
sHe force F^wori^ on the contact portion 22 (ttie end comer portion 27) of ttie lip end portion 13b toward ttie rotation 
shaft 32. That is to say, total force ^ s^r^ 3 + ^ ^-^a) on ttie contact portion 22 (ttie end comer portion 27) of 
the lip end portion 13b toward ttie rotation shaft 32. 

35 [0089] Therefore, in comparison with the case (in which ttie gap portion S does not exist in the non-attached slate 
to the rotation shaft 32) shown in ttie conventional example (Rgure 41). force working on ttie rotation shaft 32 dimin- 
ishes (for the tensile force F^). abrasfon (of ttie contact portion 22) cff ttie Iq3 end po^ 13b IS reduced. And, in com- 
parison witti ttie case shown in Rgure 1 6 and Rgure 1 7, ttie seal is highly stable in ttie non-attached state to ttie rotation 
shaft 32 because ttie short cylinder portion 1 3a of ttie seal member 5 of mbber is fit to and supported by ttie cylinder 

40 portion 16 of the supporting metal 12. 

[0090] Next. Figure 23 shows further mocfif ications of the third preferred embodiment of ttie present invention. That 
is to say. the short cylinder portion 13a and the lip end portion 13b of tiie lip portion 13 are fit to and supported by ttie 
sfope receiving face A and the cylinder portion 1 6 of the supporting metal 1 2, and the indivkiual constructions shown in 
Rgure 20B through Figure 20D are combined. 

45 [0091 ] To descrfoe concretely, as shown in Rgure 23A, in ttie unpressurized state of ttie f lukl storing chamber 33. 
the gap portion S \s disposed between the inner brim cover portion 5b of the seal memt>er 5 of rubber and ttie flat board 
portion 15 of ttie supporting metal 1 2. and ttie seal member 5 of rubber (ttie lip portion 1 3 and ttie inner brim cover por- 
tion 5b) is formed as to easily deforms in ttie axis L direction of ttie rotation shaft 32 (refer to Figure 13) ttiereby. There- 
fore, ttie seal member 5 of rubber elastically delbmis accomparaed witti ttie pressure increase of ttie f lukl storing 

50 chamber 33 in the parting direction from the rotation shaft 32. and the lip end portion 1 3b is drawn in ttie parting direc- 
tion from ttie rotation shaft 32. And. plural protruding portions 24 may be disposed between ttie inner brim cover portion 
5b and ttie flat board portion 15 to fomi the gap portions between ttie inner brim cover portfon 5b and ttie flat board 
portion 15. 

[0092] And. as shown in Rgure 23B. in the unpressurized slate of ttie f luki storing chani>er 33. a connecting por- 
55 tion 26 of the flat board portion 15 (of the supporting metal 12) and the cylinder portion 16 facing a connecting portion 
25 of the inner brim cover portion 5b (of ttie seal member 5) and ttie lip portion 13 (the short cylinder porticm 13a) is 
bent opposite to ttie f luki storing chamber 33 skie to make ttie gap portfon S between ttie connecting portion 25 (of ttie 
seal member 5) and ttie connecting portion 26 (of ttie supporting metal 12). and tiie seal member 5 of rubber (ttie lip 
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portion 13) is formed as to easily deforms in the axis L direction off Itie rotation shaft 32 (refer to Figure 13) thereto/. 
[0093] And. in an unpressurized state of the fluid storing chanrt>er 33 (as shown in Rgure 23A and Rgure 23B), a 
contact face of the short cylinder portion 13 of the seal member 5 and the cylinder portion 16 of the supporting metal 
12 niay be treated with tow friction resin coating to reduce the frictionalforc^ lip 
5 portion 13 and the inner brim cover portion 5b) is formed as to easily defornris in the axis Lcfi^ 
32 (refer to Figure 1 3) thereby 

[0094] And naturally, these (individual) constructions shown in Figure 23A and R^re 23B may be combined in var- 
ious methods, and ttie seal member 5 of ntbef (the I'p portion 1 3 and the inner brim cover portion 5b) may be formed 
as to easily deform, accompanied with the pressure increase of the fluid storing chamber 33, in ttie axis L direction of 

10 the rotation shaft 32 (refer to Rgure 13) thereby. 

[0099] And. although not shown in Rgures. the seal member may be formed as to have the end corner portion 27 
which linearly contacts or slightiy part from the rotation shaft 32 without interference in the unpressurized state, and 
contacts the rotation shaft 32 in the pressurized state. And, the tightening force F3 (refer to Rgure 1 7) does not wort« on 
the contact portion 22 of the Dp end portion 13b (the end comer portion 27) when the seal is attached to the rotation 

IS shaft 32. Therefore, abrasion is reduced further in comparison with the conventional example (in Rgure 41) because 
contact pressure of the lip end portion 1 3b onto the surface of the rotation shaft 32 is decreased by synergistic effect of 
that interference does not exist, and the seal has the gap portion S. 

[0096] Next, Rgure 24 through Rgure 30 show a fourth preferred embodiment of the present invention. As deariy 
shown in comparison with the first through third preferred embodiments descrfoed above, the fourth preferred emtxxii' 

20 ment is different in following construction. Explanation of parts indicated with same marks as in the former preferred 
embodiments is omitted, since they are similariy constructed as in the former preferred embodiments. 
[0097] That is to say. as shown in Rgure 24, configuration and dimensions of the end comer portion 27 of the lip 
end portion 13b are set as the end corner portion 27 linearly contacts without interference or slightiy parts from (the 
peripheral face oQ the rotation shaft 32 in unpressurized state. The interference is equivalent to the mark G of the con- 

25 ventional example in Rgure 42, \vithout interference** means G » 0, and "slightiy part from** means G < 0. 

[0098] And. the supporting metal 1 2 is disposed between the first seal element 7 and the seal member 5 as to fit to 
and support an opposite side to the fluid storing chamber or inner portion of the inner brim cover portion 5b of the seal 
memt)er 5, the short cylinder portion 13a, and the lip end portion 13lx 

[0099] As shown in Figure 24 and Rgure 25. the lip end portion 13b has an inclination angle of 10'' to 45 to an 
30 axis L of the rotation shaft 32. and tiie supporting metal 12, as to correspond to the lip end portion 13b. has a slope 
receiving face A on its end as to have an inclination angle eof10''to45''tothe axis L 

[PIOO] Concretely, the supporting metal 12. of which cross section is approximately L-shaped. is composed of aflat 
board portion 1 5 at right angles witii the axis U and a cylinder portion 16 of short cylinder of which center is the axis L 
An end portion 16a (on the fluid storing chamber 33 side) of the cylinder portion 16 is bent witti the above inclination 
35 angle 6 at a t>ent portion 1 7 as to diminish in diam^er gradually to the end. and a peripheral face of the end portion 1 6a 
forms the former-mentioned sfope receiving face A. 

[0101] The bent portion 17 corresponds and tighUy fits to the short cylinder portion 13a off the seal member 5 and 
a bent inner comer of the lip end portion 1 3b. And. as shown in Rgure 25B, it is prefferaUe to form an R-shaped chamfer 
20 on an end comer portion of tiie slope receiving face A of the supporting metal 12. That is to say. an end comer por- 
40 tion of the supporting metal 12 is effectively prevented from t>iting into the Gp end portion 13b of the lip portion 13 to 
cause fissures in the lip erxf portion 13b. 

[0102] And. as shown in Figure 24, the outer case 1 is unified witti the seal member 5 of rubber t>y adhesion, etc. 
beforehand. The supporting metal 12. the first seal element 7. the first inner case 9. the washer 10, the second seal 
element 8. and the second inner case 1 1 are serially fitted to the outer case 1 in a straight state (a cylindrical state) in 
45 which the inner brim portion 3 is not formed. Then, the inner brim portion 3 is formed by caulking and the all parts are 
unified. 

[OlOq The supporting metal 12. the first inner case 9. the second inner case 1 1 . the washer 10, and the outer case 
1 are made of metal such as steel. The first seal element 7 and the second seal element 8 are made off fluororesin such 
as PTFE. Further, the seal member 5 is, considering cooling medium resistance, made of HNBR of which JIS hardness 
50 is preferably set to t>e 87 to 96 (by conrposition of HNBR) to prevent deformation when the seal receives pressure. The 
seal member is greatly deformed when the JIS hardness is lower than 87. and slightiy poor in elasticity when the JIS 
hardness is higher than 96. 

[0104] And. to desafoe sealing functfon. as shown in Rgure 27A. in attached state before the fluid storing chamber 
is pressurized, the end corner portion 27 which lineariy contacts or slightiy part from the peripheral face of the rotation 
55 shaft 32 without interference. And as shown in Rgure 27B, seH-sealing force F4 wori<s on the end comer portion 27 to 
the peripheral face of tiie rotation shaft 32 by pressure P working on the Iqp portion 13 in the pressurized state of tiie 
fluid storing chamber 33. and the end comer portion 27 lineariy contacts the rotation shaft 32 thereby And, the tighten- 
ing force (F11) is not generated (or micro, iff generated) onto the peripheral face off the rotation shaft 32 because the 
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intefference portion (46) of the conventional example On Figure 42) does not exist, and the force wortdng on the position 
off (the end comer portion 27 of) the lip end portion 13b on the rotation shaft 32 is sn^^ 
example (in Rgure 42) for the tightening force (Fi i). 

[0105] Therefore, the force wortdng on the rotation shaft 32 t^ecomes small, and consequently, abrasion of the lip 
5 end portion 13b is reduced (by decreasing the contact pressure). And, especially in case that high-pressure oooGng 
media (such as (X>2) are used, it is effective for sealing when the rotation shaft 32 is stationary because the seal is con- 
tinuously pressurized and negative pressure is not generated. 

[0106] And, the Gp end portion 13b is received (supported) by the slope receiving face A of the supporting metal 1 2 
from a reverse side Cmner side) and prevented from being deformed when pressure P works on the lip end portion 1 3b 
10 on the fluid storing chanfoer 33 side (^ shewn in Figure 2), and good sealabiGty of the ip end portion 13btskeptgood 
under high pressure 

[0107] Asdescribedabove,thesloperecehnngfoceAofwhichindinationangle8off 10''^e^45''totiiea^ 
formed on the supporting metal 12 to approodnrHtely correspond to the inclination angle of the Dp end portion 13b for 
holding (supporting) the lip end portion 1 3b certainly from the reverse (back) side, and deformation in pressure recep- 
15 tion (refer to marks P) is prevented. The shaft seal demonstrates excellent sealability by keeping the inclination angle 
of the lip end portion 13b to be 10"" to 45 ^ 

[0108] Figure 26 shows a modification of the fourth preferred embodiment in which the backup ring 45^ proposed 
in conventional oil seals and disclosed by Japanese Utility Model Publication No. 2-4731 1 , is applied to hoUing of the 
lip portion 1 3 of the seal memt>er 5 of rut)ber. That is to say, the end 45a of ttie backup ring 45 is bent for 90 . And the 

20 interference of the end corner portion 27 is set to t>e 0 (or minus, namely, slightly parted). 

[0109] Ard. as shown in Figure 24 and Rgure 27A, a distance 5, between the end corner portion 27 of the lip end 
portion 13b and the rotation shaft 32 in unpressurized state, is preferably anranged less than 7% off an outer (fiameter 
dimension D of the rotation shaft 32 to prevent the abrasion of the end comer portion 27 of the lip end portion 13b, and 
demonstrate excellent sealability If the distance 5 ^ over 7% of the dimension D, the lip end portion 13b does not suf- 

25 fidentiy contact ttie rotation shaft 32 when the lip portion 13 receives the pressure P (refer to Figure 27B). ttie fluid 
leaks, and certain sealing can not be expected. 

[01 1 0] Next, Figure 28 and Rgure 29 show another modification of the fourth prefferred embodiment of the present 
invention. As clearly shown in comparison wHh Rgure 24 ^nd Figure 25. the nxxfification is different in foltowing con- 
struction. 

30 [01 1 1 ] That is to say, the first seal element 7 in Figure 24 is omitted, the seal element E is composed exdi^ively of 
the second seal element 8. and the supporting metal 1 2 has a thickness dimensfon T enough to compensate the lack 
of the first seal element 7. And, the slope receiving face A is an end face off the supporting metEd 12 (from which the 
bent portion 1 7 in Rgure 24 is omitted) made as to tightty fit to and support the reverse face (back face) side of the \ip 
portion 13 of the seal meml>er 5. 

35 [01 1 2] The inclination angle.8 of the slope receiving face A witii the axis L of the rotation shaft is set within the range 
of the above-desait>ed fourth preferred embodiment Explanation of other parts indicated with same marks as in the 
fourth preferred embodiment is omitted, since they are similarly constructed as in the fourth prefmed entxxlimenl 
[0113] And, Rgure 30 shows a still anottier mocfification of tiie fourth preferred embodiment of the present inven- 
tion. As clearly shown in comparison wfth R^e 27 and Rgure 29, the modif foation is different in following construction. 

40 [0114] That is to say, as sfiown in Rgure 30A, in ur^essurized state the seal is attached to the rotation shaft 32, 
the supporting metal 1 2 has a slope receiving face A which fits to and support the reverse face (back face) side of (the 
lip end portion 13b of ) the lip portion 13. and a gap portion P between ttie reverse fece (back face) skle cff (the short 
cylinder portion 13a of ) the lip portion 13 and the cylirxJer portion 16 of the supporting metal 12. 
[01 1 5] And, as shown in Rgure 30B, in pressurized operation, (the short cylinder portion 13a of ) the lip portion 13 

45 is elastically deformed as to get into the gap portion S by the pressure P working on ttie fluid storing chamber 33 skie. 
[01 1 6] In ttiis case, the lip end portion 1 3b of the lip portion 1 3 is drawn along ttie stope receiving face A in a parting 
direction from ttie rotation shaft 32. That is to say, tensile force Fi wortcs on ttie end comer portion 27 of the ^ 
tion 13b in ttie parting direction from the rotation shaft 32. 

[01 1 7] As described above, the tensile force Fi works on the end comer portion 27 of the lip end portfon 1 3b in the 
50 parting direction from the rotation shaft 32. And, (as formerly desaibed) ttie self-sealing force F4 works on ttie end cor- 
ner portion 27. Consequentiy, total force F5 (» F4 - F ^) works on the peripheral face of the rotation shaft 32. 
[01 18] Therefore, in comparison with the case (ttie gap portion S does not exist) shown in Rgure 27, the force work- 
ing on the rotation shaft 32 t>ecomes small (for ttie tensile force F^), and the at>rasion of the lip end portion 13b is 
reduced further. Furttier, the abrasion is reduced further in comparison with the conventional e)Gample (in Rgure 42) 
55 t>ecause the force working onto the surface of the rotation shaft 32 is decreased by syn^stic effect of that the inter- 
ference portion (46) (the interference G) in the conventional example (in Figure 42) does not exist, and the seal has the 
gap portion S (for the tigfitening force F^ ^ and ttie tensile force F^). 

[0119] Next. Rgure 31 tiirough Figure 40 show a fiftti preferred embodiment of the present invention. As dearty 
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shown in comparison with the first through the fourth pr^ed embodiments, the fifth preferred ^rtxxJiment is different 
in following construction. Explanation of the parts indicated with same marks as in the former prefen^ed embodiments 
Is omitted, since they are similarty constructed as in the former preferred embodiments. 

[0120] That is to say. as shown in Figure 31 . a gas shielding member 51 , which shields cooling medium gas (CQz) 
5 permeating seal portions 53 com p ri si ng the seal element E and tfie seal member 5 of rut3ber, is attached instead of tfie 
supporting metall 2. And, in Figure 31 , the seal element E is composed of only one seal element 7. 
[0121] To descnise concretely, a drcularnrietal thin plate 54 as the gas sNeUingme^ is disposed between 
neighboring two seal portions 53 (the (first) seal element 7 and the seal m&Tt>er 5 of ntber) except a sBcfir^ portion 

52 which slides on the rotation shaft 32. The metal thin plate 54 tightly fit to the inner peripheral face of the seal member 
10 5 almost entirely except only the sliding portion 52 of the lip end portion 13b. That is to s^, the metal thin plate 54 is 

preliminary formed as to tightly fit to the inner peripheral face of the lip portion 13 in a free state before the seal is 
attached shown in Figure 32. and an end portion of the metal thin plate 54 pushes the lip portion 13 to the periphery 
side with slight force as the Op portion 13 is raised a little. Therefore, the metal thin plate 54 Is kept tightly fitting to the 
inner peripheral face of the lip portion 13 in the state in which the seal is attached to the rotatfon shaft 32. The metal 
IS thin plate 54 is heU between the both seal portions 53 by force of the both seal portions 53 (the (first) seal element 7 
and the seat member 5 of rubber) pushing each other. Arid, the metal thin plate 54 is also for supporting the seal portion 

53 (the seal member 5 of ndsber). And. the metal tNn plate 54 may be attached to the seal portion 53 (the seal member 
5 of rLi)t>er) with adhesive. 

[01 22] Cartxxi dioxide, used as the cooling rr^ium in the conpressor. has considerately high permeability agair^ 
20 rubber and resin, material for the seal portion 53. For this, the metal thin plate 54 blocks up a passage of the cooling 
medium gas penmeable to rubber and resin (including passages of gas permeation ttirough the seal portions 53) almost 
entirely as to shieM between an inner sxte and an atmosphere (outer) skJe of a housing 31 . That is to say, the cooling 
medium gas in the housing 31 is mostly shiekJed by the metal thin plate 54 to enhance sealing characteristics of the 
seal. The metal thin plate 54 is flexible as not to spoil the elasticity of the seal portion 53 (the seal meml)er 5 of rubl)er), 
25 and able to deform along the seal portion 53 (the seal memljer 5 of nA)ber) keeping the fitting. 

[0123] The metal ttiin plate 54 is cfifferent from the sipporting metal 12 made of metal in fitting and hokiing ability 
to the seal portion 53 (the seal niember 5 of rubt>er)wfik:h is caused tyycBffe^ In the attached state of 

the seal, ttie metal ttiln plate 54 can deform elastically along tiie seal portion 53 (ttie seal member 5 of rubber) keeping 
tiie fitting because the plate 54 is thin, while the relatively ttiick and rigkJ supporting metal 12. unable to defbnn elasti- 
30 cally along ttie seal portion 53 keeping the fitting to the seal portion 53. parts from ttie seal portfon 53. 

[01 24] The ttikdoiess of tiie metal tiiin plate 54 is, for example, around 0. 1 mm to 0.5mm. For tiiis ttiinness. tiie metal 
ttiin plate 54 can push and fit to tiie seal member 5 of rubber witti a very sfight for 

deformation of the seal member 5 of rubber which contacts the peripheral face of the rotation shaft 32, and ttie fitting 
state of ttie metal thin plate 54 and the seal member 5. The thickness of the metal thin plate 54 may be set to be ottier 
35 values wittiin a range In which the atx>ve characteristics (the fitting and hokiing abifrty) is obtained. Although the values 
are influenced by metals used for the metal ttiin plate 54. a certain effect is expected with a thickness less ttian 0.6mm. 
Especially, a consklerabie effect is e)qp>ected witti a ttii^ 

a thickness less tfian 0.2mm. The ttiickness is by no means restricted to these values. 

[0125] The material of ttie metal ttiin plate 54 is. for example, iron in the present embodiment, while stainless steel 
40 and aluminum may be used. As ottier metals, general metals used industrially and generally such as copper, nickel, 
zinc. lead. tin. etc. may be wklely used. 

[0126] The rotation shaft seal of ttie present embodiment provided witti ttie metal ttiin plate 54 w^ corrpared witti 
anottier comparison shaft seal not provided witti the metal ttiin plate 54 in gas-leakage restricting effect, and ttie result 
shown in a graph of Figure 33 was obtained. Cartxyn dioxide was used as ttie cooling medium, and amount of leakage 
45 of ttie cooling medium gas from a position between ttie rotation shaft 32 and the hoiking 31 was measured on the com- 
pressor of each of the seal. As shown in the graph of Figure 33. amount of gas leakage of the seal of the present 
embodiment is reduced to 1/20 of that of ttie comparison shaft seal. 
[0127] Therefore, according to ttie present embodiment following effects are obtained. 

50 (1) Leakage of the cooling medium gas is regulated to t>e very small when the cooling medium is caitx>n dioxkle 
having high permeation against rubber and resin, namely material of the seal portions 53. because ttie metal ttiin 
plate 54 tightly fits to the suriace of ttie seal portion 53 (the seal member 5 of mbber) as to shield ttie passage of 
the gas (attachment area of ttie seal) almost entirely. Therefore, eariy shortage of ttie cooling medium in the com- 
pressor and reduction of cooling effect by the shortage of ttie cooling medium are prevented. 

55 (2) The passage of the gas is more widely bfocked to enhance the sealabilrty because ttie metal thin plate 54 fits to 
the seal portion 53 (the seal member 5 of rubber) covering a large area to the end portion of the lip portion 13 
except ttie sikling portion 52. And. if ttie seal portion 53 (ttie seal member 5 of mbber) parts from ttie metal ttiin 
ptete 54 on its middle portion, leakage of carbon dioxide is not generated because ttie metal ttiin plate 54 fits to the 
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seal portion 53 (the seal men^ 5 of rubber) even near the end portioa 
(3) Gaps between the nietal thin plate 54 and the seal portion 53 (the ^ 

erate and the passage of gas leakage is blocked by the metal thin plate 54 sandwiched between the two seal por- 
tions 53 (the (first) seal elenr^ 7 and the seal ment>er 5 of nisber). and high sealing ability is obtained. 
5 (4) The metal thin plate 54, working also as the supporting metal 12» contributes to improvement of the sealabifity 
of the seal portion 53 (the seal member 5 of nd)ber). 

(9 In case that the metal thin plate 54 is attached to the surface of the seal portion 53 (the 
with adhesive, gaps are not gen^ted between the metal thin plate 54 and the seal po^ 
of rubber), and the sealing at>ility is enhanced thereby 

10 Next. Figure 34 shows a first modification of the fifth preferred embodiment Same parts in the fifth preferred 

embodiment are indcated with same marks, and explanation of them is orrvtted. 

That is to say. the metal tfun plate 54, shorter than the metal thin plate 54 of the atxive embodiment (shown in 
Figure 31). exists only on a border area of the two seal portions 53 (the (f irst) seal element 7 and the seal merrbef 
5 of rubber). This is to prevent the rigidity of the metal thin plate 54 from spoiling the elasticity of the I'p portion 1 3. 

75 The lip portion 13 can deform elastrcally into an appropriate configuration for sealing when the lip portion 13 con- 
tacts the per^heral face of the rotation shaft 32. and the sliding portion 52 is pressed to contact the peripheral face 
of the rotation shaft 32 firmly. 

Therefore, according to the first nwd'ification, foliowing effect is obtained. 
(6) In corrpar^on with the above emtxxiiment sealing abifity at the sfiding portion 52 of the Ip end portion 13b is 

20 enhanced although gas leakage by permeation is slightly inferia to that of the above embodiment. 

Next Figure 35 shows a second modif ication and Rgure 36 shows a third modif 'icatk>n. These are seals of dif- 
ferent types from that of the former errtbodi ments. 

That is to say. as shown in the secorxJ modification in Rgure 35. this seal is provided with a seal member 55 
of rubber as the seal portion 53. The configuration of the seal member 55 of rubber is kept circular by a holding 

25 metal 56 embedded in the seal member 55. The seal menrt>er 55 of rubber has a sealing lip portion 57 which 
extends to an inner peripheral stda The sealing Op portion 57 is pushed to the rotation shaft 32 tyy pushing force of 
a ring spring 58 attached to a t>ack face (outer peripheral face) of the sealing fip portkxi 57, and a sliding portfon 
59 of the sealing lip portion 57 is pressed to the peripheral face of the rotation shaft 32. 

And. as shown in the third modification in Figure 36, this seal is provided wfth a seal member 55 of rubber as 

30 the seal portion 53. The configuration of the seal member 55 of rubber is kept drcular by a hokJing metal 56 embed- 
ded in the seal memt)er 55. The seal member 55 of rubber has a sealing lip portion 57 which extends to an inner 
peripheral side. The sealing lip portton 57 is not provUed with the ring spring 58 in Rgure 35. the sliding portk>n 59 
is pressed to the rotation shaft 32 by elastic force of rubber. 

In both types of Rgure 35 and Rgure 36. the sealing lip portton 57 is covered entirely wfth metal film 60 as the 

35 gas shieWing meml>er 51 except the sliding portion 59. The metal film 60, for the same purpose in the former 
emtxxliments. namely blocking the passage of the cooling medium gas (including permeation passage in the rut>- 
ber), covers the passage of the gas almost entirely. 

In the present embodiment, the metal film 60 is a metal evapoiatfon film. The metal film 60 is not restricted to 
the metal evaporatfon film, and may be formed with other film fiommng methods, for example, plating (electroless 

40 plating). And, material for the metal film 60 is, for example, gold with which a gold evaporation film is made. Other 
metals, with whk;h a fine metal film can be formed, such as iron, stainless steel, aluminum, nickel, tin. silver, copper, 
etc. , may be used. The thkdviess of the metal f Om 60, wfth whk:h the permeatfon of the gas is slopped, for exanple, 
around 10 to 100 ^m. 

Therefbre, according to the second and tfvrd modificatfons. following effect is obtained. 
45 (7) Wide area of the passage of the gas indudng near the sliding portion 59 is blocked because the surface of the 
seal memt>er 55 of rut)ber is covered with the metal film 60. And, elasticity of the sealing lip portion 57 is hardly 
spoiled for the metal film 60 of which thkdoiess is thinner than ttiat of the metal thin plate 54 in the former embodi- 
ments. And. f lexik>Ofty (abilfty to deform elastically) of the sealing lip portion 57 is secured, and the sealabilfty at the 
sliding portion 59 is enhanced thereby. 

50 

[0128] The fifth preferred errtediment of the present invention, not restricted to the above description, may be prac- 
ticed witti following features. That is to say, position of the metal thin plate 54 is not restricted to between the two seal 
portions 53. For ecample. as shown in Figure 37, the metal thin plate 54 may be f ftted to the peripheral face Me of the 
seal member 5 of rubber. And. as shown in Rgure 38, tfie rnetal tfun plate 54 niay k>e fitted to th^ 
55 of the (first) seal element 7 (of resin). Also with tiiese compositions, leakage of cooling medium gas having high perme- 
abOHy against rubt>er and resin such as cartx>n dfoxide ^ limited to be small because ttie cooling medium gas in the 
housing 31 is shielded by the metal thin plate 54 fit to the surface of the seal portion 53 and elastically deforms along 
the seal portion 53. Arxt the seal portfon 53 is kept by the metal thin plate 54 (a backup ring) suppo^ 
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53 in Figure 38. 

[0129] And, as shown in Figure 39. the nietal fflm 60 covering the inner perv)heral face of the seal t)ortion 53 (the 
seal fnetrber 5 of ruisber) may be used instead of the metal thin piate 54 shoMm in Figure 31 . According to this construc- 
tion. cartx>n dioxide as the cooling medium gas in the housing 31 is mostly shielded by the metal fSm 60. and leakage 
5 of the coding mecfium gas is certainly limited to be small. Further, sealabOity at the sTicfing portion 52 ^ not spoOed 
because the elasticity piexftnlity) of the lip end portion 1 3b of the tip portion 1 3 is not spoiled. And. the metal film 60 may 
be used instead of the metal thin plate 54 in Figure 37 and Figure 38. 

[0130] And. the seal portion 53. covered with the gas shielding mevrb& 51 such as the metal thin plate 54 and the 
metal film 60, is not restricted to one construction as in the former emtxxiiments. For exanrple, surfaces of each of the 
10 two seal portions 53 may t>e covered with the gas sfuelding member 51 . As shown in Figure 40. for example, the metal 
thin plate 54 is fitted to the inner peripheral face of the seal menrt>er 5 as the niete 

porting metal 12. and the metal f Sm 60 is fbrmed on inner periphefal face of the (first) seal element 7. The both of the 
gas shielding members 51 may be the metal thin plate 54 or the metal film 60. Arid, the gas shielding member 51 wojf 
be disposed on both sides of aD of the seal portions 53 to multi-shield the g^. 

IS [01 31 ] And. the metal thin plate 54 and the metal film 60 are not restricted to fitting to the surface of the seal portion 
53. For example, the metal thin plate 54 may be embedded in the seal portion 53. A seal portion 53 in which metal foil 
such as aluminum foil (or sheetmetal) is laminated is applicable. According to this construction, long-tenm reliabaity is 
secured because the metal foD is extendat}le to the whole of the seal portion 53 in radial direction, and not worn out like 
the metal foil 60 exposed on the suriiace. And. the metal foil does not spoil tiie elasticity of the seal portion 53 and the 

20 sealability at the sliding portion of the seal portion 53. 

[0132] And, material of the gas shielding member 51 is not restricted to metals. Any other materials, which can 

Uockthe gas having Ngh pernieability against the seal portion 53 of rubber or resin such as cart>ond^ 

nium. may be used. For example, ceramic may t>e used. In this case, it is preferable to form a ceramic film. 

[01 33] And. type of the rotation shaft seal is not restricted to the atx>ve preferred embocfiments. the seal element E 

25 m^ t)econposed of two seal elements niade of resin, arxiconfixned with a s^ Inthtiscase. 
the gas shielding member 51 (the metal thin plate 54 or the metal film 60) may be fitted to any of the three seal ele- 
ments. 

[01 34] And, the rotation shaft seal may be applied to apparatuses otiier tiian a corrpressor. 
[0135] In the present invention, not restricted to the above-described preferred embodiments, some of the individ- 
30 ual constructions in the first ttirough the fifth preferred embodiments may be combined In various ways. 

[0136] According to the rotation shaft seal of the present invention, excellent sealability and durability are demon- 
strated because the supporting rnetal 1 2 tightiy fits to and certainly supports the back 

k>er to prevent the seal merTt>er 5 of rubber from being deformed in pressure reception, and, the slope receiving face A 
tightiy fits to and certainty holds the back face of the lip end portion 1 3b to prevent ttie lip end portion 13b from being 
35 deformed in pressure reception. 

[0137] Especially, the contact area with which the end of the tip end portion 13b slides on the rotation shaft 32 is 
prevented from increase, heat and abrasion are prevented, and life of tf« seal is extended. 

[01 38] And. for the high hardness of rubber, seaGng ^lity and duratxlity are made better by synergistic effect with 
the sipporting metal 12. 

40 [01 39] Further, the end corn^- portion of the supporting metal 1 2 is prevented effectively from biting into tiie back 
face of the lip nd portion 1 3b to cause fissures, and life of the seal member 5 is extended thereby. 
[p14(q And, accorcfing to the rotation shaft seal of the present inverttion, deformation of the Up end portion 13b Is 
reduced especially under high pressure, because the lip end portion 13b is reinforced by the supporting metal 12 and 
the reinforcing cover metal 21 , the tip end portk)n 1 4 linearly contact the rotation shaft 32 to secure high sealabU'ity. and 

45 abrasion of the lip portion is reduced to improve duratMTity. 

[0141] And, in operation state in which pressure in the fluid storing chamber 33 is increased, the contact pressure 
of the lip end portion 1 3b to the rotation shaft 32 is decreased to reduce at>rasion of the tip end portion 1 3b. 
[0142] Especially, the contact pressure with which the end of the lip end portion 13b slides on the rotation shaft 32 
is prevented from inaease, heat arxl abrasion are prevented, and life of the seal Is extended. 

so [0143] And, in operation state in which pressure in the fluid storing chanrt>er 33 is increased, the seal fias excellent 
duratMlity with which fissures on the root of the lip portion 1 3 and exfoliation (of adherence) of the seat member 5 of nAy 
ber 0he inner txim cover portion 5b) from the outer case 1 (the inner txim portion 2) are hardly generated. 
[0144] And. the contact pressure of the lip end portion 13b to the rotation shaft 32 is deaeased further to red^ 
the abrasion of the lip end portion 13b. 

55 [01 45] And. ^xoiding to the rotatk>n shaft seal of the present invention, the force working on the rotation shaft 32 
in the pressurized state of the fluid storing chamber 33 becomes small and abrasion of the lip end portion 13b is 
recftjced because tightening force is not generated (or sGghtty generated) wfien the seal is attached to the rotation shaft 
32 (in unpressurized state). 
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[0146] Especially, the contact area with which the lip end portion 13b slides on the rotation shaft 32 is prevented 
from increase, heat and alxasion are prevented, and life of the seal is extended. And this is preferable for an operational 
condition in which the pressure in the ffajid storing chamtjer 33 is always positiva 

[0147] Further, according to the rotation shaft seal of the present invention, high sealabiOty against gas highly per- 
5 meative through the material of the seal portion 53 Is obtained because the gas is mostly 
WBsvbef 51 fitting to at least one seal member 53 almost entirely in Fadial cfirection. 

[0148] And. gas leakage is reduced tiy blocking the passage of gas with two seal portions 53 sandwicfvng tfie g^ 
shielding member 51 to restrict the gap. 

[0149] Further, it is needless to treat the seal portion 53 with laborious treatment such as film forming k>ecause the 
10 gas shielding merTt>er 51 is a metal plate (the inetal thin plate 54). and the configuration of the seal rnerrto 
by holding the seal portion 53. 

[0150] And. according to the rotation shaft seal of the present invention, the elasticity (nex3>ility) of the seal portion 
53 is hardly spoiled because the gas shielding member 51 of which material is metal, ceramic, etc. is a shielding fflm 
covering fhe seal portion 53. arxi sealability of the seal portion 53 to the peripheral face of the rotation shaft 32 at the 
15 slidng portions 52 and 59 is secured. 

[0151] And. it is relatively easy to form the film technically and high restricting ability against the gas permeation is 
obtained because the shlekfing film is the metal f flm 60. 

[01 52] Further, it is needless to treat the seal portion 53 with latx>rious treatment such as film forming t>ecause the 
gas shielding merrbef 51 is the supporting member 12. and the configuration of the seal portion 53 is kept by holding 
20 the seal portion 53. 

[0153] While preferred embodiments of the present invention have been described in this specification, it is to be 
understood tfiat the invention is Qlustrative and not restrictive, because various changes are possStAe within the spirit 
and indispensable features. 

25 Claims 

1. A rotation sfiaft seal provided witii a seat element (E). which contacts a rotation shaft (32). disposed t>etween a 
housing (31) and the rotation shaft (32). and a seal member (5) of rutaber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and cfisposed on a fluid storing chamber (33) side to the seal element (E). comprising 

30 a supporting metal (12) for supporting a back face of the seal member (5) of rubber. 

2. A rotation shaft seal provided with a seal element (E). which contacts a rotation shaft (32), disposed between a 
housing (31) and the rotation shaft (32). and a seal merTt>er (5) of rubber having a lip end portion (1 3b) wNch con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to ttie seal element (E). comprising 

35 a construction in which the lip end portion (13b) has a predetermined inclination angle (9) to an axis (1^ of the rota- 
tion shaft (32). a supporting metal (12), having a slope receiving face (A) forming the predetermined inclination 
angle (8) with the axis (L) of the rotation shaft (32), supports a back face of the lip end portion (13b) gradually 
decreasing in (fiameter to the fluid storing charTt>er (33) sida 

40 3. The rotation shaft seal as set forth in daim 1 or daim 2, wherein hardness of the lip end portion (1 3b) of rubber is 
set to be 87 to 96 in JIS. 

4. The rotation shaft seal as set forth in claim 1 or daim 2. where in an R-sfiaped diamfer (20) is formed on an end 
comer portion of the slope receiving face (A) of the supporting metal (12). 

45 

5. A rotation shaft seal provided with a seal element (E). which contacts a rotation shaft (32). disposed t>etween a 
housing (31) and the rotation shaft (32). and a seal mefTt>er (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and cfisposed on a fluid storing chamber (33) side to ttie seal element (E), comprising 
a construction in which an inner peripheral face of the lip end portion (13b) is si^sported by the si^orting metal 

so (12), a reinforcing cover metal (21) is attached to a peripheral face of the lip end portion (13b). and the lip end por- 
tion (13b) is sandwiched and held by the supporting metal (12) and the reinfordng cover metal (21). 

6. A rotation shaft seal provkted with a seal element (E). vvhich contacts a rotation shaft (32). disposed between a 
housing (31) and the rotation shaft (32), arxl a seal nrtember (5) of rubber having a lip end po^ 

55 tacts the rotation shaft (32) and cfisposed on a fluid storing chant)er (33) side to the seal element (E). comprising 
a construction in wfiich: 

the lip end portion (13b) has a predeternvned indination angle (6) to an axis (Lj of the relation shaft (32); 
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a sifsporting metal (12), having a slope receiving face (A) forming the predetenmined inclination angle (6) with 
the axis (L) of the rotation shaft (32), supports a part from an inn^ peripheral face of the tip end portion (13b), 
gradually decreasing in diameter to the fluid storing chamber (33) side, to a back face of a standing portion 
stancfing in a direction at right angles with the rotation shaft (32), through an inner peripheral face of a cylinder 
5 portion parallel to tf^ rotation shaft (32); and 

a reinforcing cover metal (21), covering a part from a peripheral face of the lip end portion (1 3b) to a peripheral 
face of the cylinder portion, is uniformly attached to an inner brim portion (2) disposed in the standing portion 
of an outer case (1). 

10 7. A rotation shaft seal provided with a seal element (E), which contacts a rotation shaft (32), deposed (between a 
housing (31) and the rotation shaft (32), and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and dsposed on a fluid storing chamber (33) side to the seal element (E), comprising 
a construction in which: 



15 the lip end portion (1 3b) has a predetermined inclination angle (6) to an axis (L) of the rotation sftaft (32) ; • 

a supporting metal (12), having a slope receiving face (A) forming ttie predetermined inclination angle (6) with 
the axis (L) of the rotation shaft (32), supports a part from an inner peripheral face of the lip end portion (13b). 
gradually deaeasing in diameter to the fluid storing chamber (33) side, to a back face of a standing portfon 
standing in a direction at right angles with the rotation shaft (32). through an inner peripheral face of a cylinder 

20 portion parallel to the rotation shaft (32); and 

a reinforcing cover metal (21), covering a part from a peripheral face of the lip end portion (13b) to an outer 
face of the standing portion through a perqjheral face of the cyfinder portion is uniformly attached to the seal 
member (5) of rutiber. 

25 8. A rotation shaft seal provided with a seal element (E). which contacts a rotation shaft (32). disposed between a 
housing (31) and the rotation shaft (32), and a seal memt)er (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and cfisposed on a fluid storing chamber (33) side to the seal element (E), comprising 
a construction in which the seal member (5) of rubber elastically deforms in an axis (L) direction of the rotation shaft 
(32) aoconrpanled with pressure increase of the fluid storing chamber (33), and the fip end portion (13b) is drawn 

30 in a parting direction from the rotatfon shaft (32). 

9. A rotation shaft seal provided with a seal elemerrt (E), which contacts a rotation shaft (32). disposed between a 
housing (31) and the rotation shaft (32), and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and cfisposed on a fluid storing chamber (33) side to the seal element (E), comprising 
35 a construction in which a gap portion (S) is formed t>etween the seal member (5) of rutsber arxi a supporting metal 
(12) arranged as to support a t)ack face of the seal member (5) of nhber, the seal meniber (5) of rubber elastically 
deforms as to get into the gap portion (S) accompanied with pressure increase of the fluid storing chamt>er (33). 
and the lip end portion (13b) is drawn in a |>artir^ direction from the rotation shaft (32). 

40 10. The rotation shaft seal as set forth in daim 9. wherein the lip end portion (13b) has a predetermined inclination 
angle (6) to an cuds (L) of the rotation shaft (32). the supporting metal (12) has a slope receiving face (A) forming 
the predetermined inclination angle (6) with tiie axis (L) of the rotation shaft (32). and the slope receiving face (A) 
supports a back face of the lip end portion (13b) gradually decreasing in diameter to the flud storing cfiamber (33) 
sida 



45 



1 1 . The rotation shaft seal as set forth in daim 8, 9, or 10. wherein an R portion (18) is formed on a root of a Dp portion 
(13) having the lip erKi portion (13b) on the fluid storing chamber (33) side as to reduce elastic deformation of the 
root of the lip portion (1 3) caused by pressure inaease of the fluid storing cfiamt>er (33). 



so 12. A rotation shaft seal provided with a seal element (E), which contacts a rotation shaft (32), disposed t>etween a 
housing (31) and the rotation shaft (32), and a lip end portion (13b). which contacts the rotation shaft (32). disposed 
on a fluid storing chamber (33) side to the seal element (32). comprising an end corner portion of ttie Ip end portion 
(13b) which lineariy contacts or slightly parts from tiie rotation shaft (32) without interierence in an unpressurized 
state, and contacts the rotation shaft (32) in a pressurized state of the fluid storing chamber (33). 

55 

13. The rotation shaft seal as set forth in daim 12. wherein the lip end portion (13b) has a predetermined indination 
angle (6) to an ax^ (L) of the rotation shaft (32). and a supporting metal (12). having a slope receiving face (A) 
forming the predetermined incOnation angle (0) with the axis (L) of the rotation shaft (32), supports a back face of 
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the Gp end portion (13b) gradually deaeasing in diameter to the fhikJ storing chamber (33) sida 

14. The rotation shaft seal as set forth in claim 2. 6. 7. 10. or 13. wherein the predetermined inclination angle (6) is 10 
•to 45*. 

5 

1 5. A rotation shaft seal provided with a seal portion (53) of ring to prevent fluid leakage along a perpheral face of a 
rotatkHi shaft (32) kiy a sRcfing portion of the seal portion sliding on a perphoal face off the rotation shaft (32). oom- 
prising an elastically-defDmiabte gas shiekfing member (51) fitted to the seal portion (53) except the sliding portion. 

10 16. A rotation shaft seal provided vvith plural seal portions (53) of ring to prevemftukileak^ 

of a rotation shaft (32) by sliding portions of the seal portions (53) sliding on a peripheral face of the rotation shaft 
(32). comprising an elasticaOyKleformable gas shielding member (51 ) fitted to at least one of the seal portions (53) 
except the sliding portions. 

IS 17. A rotation shaft seal provided with a seal element (E). disposed between a housing (31) and tiie rotation shaft (32). 
having a slidng portion which slides on a rotation shaft (32). and a seal member (Si of rubber having a If) end por- 
tion (13b) provided with a sliding portion which slides on the rotation shaft (32) and disposed on a fluid storing 
chamber (33) side to the seal element (E). comprising a gas shielding memt)er (51), which can defomfi elasticaBy 
with and keep fitted to the seal element (E) or the seal member (5) of rubber as a seal portion (53), is fitted to tiie 

20 seal portion (53) except the slkiing portions. 

18. The rotation shaft seal as set forth in claim 16 or dainri 17. wher&n the gas shieU'mg member (51) is disposed as 
to be sandwiched between the two neighboring seal portions (53). 

25 19. The rotatk}n shaft seal as set forth in claim 15. 16. or 17, wherein the gas shiekfing inBrnber (51) is a metal plate 
composed as to support the seal portion (53). 

20. The rotation shaft seal as set forth in daim 15, 16. or 17. wherein the gas shieMing member (51) is a sNeUing fflm 
covering the seal portion (53). 

30 

21 . The rotation shaft seal as set forth in daim 20. wherein the gas shielding member (51) is a metal film (60). 

22. The rotation shaft seal as set fortti in daim 1. 2, 5. 6, 7. 9. 10. or 13, wherein the supporting metal (12) is a gas 
shiekiing member (51). 

35 
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Fig. 5 



5 




L 



22 



EP1 004 801 A2 



Fig. 6 
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Fig. 8 
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Fig. 10 
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Fig. 11 
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Fig. 12A 
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Fig. 14B 
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Fig. 16A 
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Fig. 17A 
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Fig. 18 
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Fig. 22A 
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Fig. 23A 
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Fig. 27A 
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Fig. 28 
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Fig. 29 
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Fig. 30A 
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Fig. 33 
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